
 

 

 
 

 
  

 

 
 

126 | Page 
 

 

Volume 1 Nomor 3 2024 
E-ISSN: 3031-9870 

https://journal.antispublisher.com/index.php/ijmi  

GENETIC FEATURES OF STREPTOCOCCUS PNEUMONIAE AND ITS 
ROLE IN CAUSING MENINGITIS 

 
Dunya Talib Mahdi 1, Rana Jaafar Abed 2 

1, 2 Department of Biology, College of Education for Pure Sciences, University of Wasit, 
Iraq 

dtalib@uowasit.edu.iq1, rjaafar@uowasit.edu.iq2  
 

Abstract 

General background: Streptococcus pneumoniae is a major pathogen responsible for 
various severe diseases, including respiratory infections, bacteraemia, and otitis 
media, as well as bacterial meningitis. Specific background: Meningitis caused by S. 
pneumoniae is highly fatal, resulting from the bacteria crossing the blood-brain 
barrier into the subarachnoid space, triggering an immune response that can lead to 
central nervous system (CNS) damage. Knowledge gap: While vaccines like the 
pneumococcal conjugate and the 23-valent polysaccharide vaccines have reduced 
disease incidence, they remain insufficient against all serotypes, and antibiotic 
resistance is rising, underscoring the need for novel therapeutic approaches. Aims: 

This review aims to summarize the mechanisms by which S. pneumoniae causes 
meningitis, focusing on the interactions between CNS barriers, the host immune 
system, and the bacterial genetic features that facilitate infection. It also aims to 
highlight current limitations in treatment and the need for advanced genomic 
analyses for new therapeutic and diagnostic strategies. Results: The study outlines 
how S. pneumoniae colonizes the nasopharynx, evades host immune defenses, and 
crosses CNS barriers, leading to neuronal damage through inflammatory processes. 
Existing vaccines show efficacy but fail to cover all serotypes, and increasing antibiotic 
resistance exacerbates the challenge. Novelty: This review integrates knowledge of 
both bacterial genetics and host immune responses, emphasizing the interplay that 
drives CNS injury in meningitis. Furthermore, it stresses the critical need for refined 
genomic approaches to develop new therapeutic targets. Implications: 

Understanding the pathogenesis of S. pneumoniae meningitis and advancing vaccine 
development are crucial for reducing mortality and improving clinical outcomes in 
both children and adults globally. 
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Introduction 

Streptococcus pneumoniae is known to be a severe pathogen in young children. 

The 13-valent vaccine appears to be highly effective, but cases of invasive infection still 

occur in the vaccinated population, as genetic changes in the organisms have allowed 

them to escape vaccination-produced immunity (Ali et al.2023). These genetic alterations 

include capsular switching and capsular replacement; both involve the capsule, which 

is the protective glycocalyx structure of the organism, and are components of 

intraspecies recombination. The genetic changes in pathogenicity induced by the 

expression of genetic virulence-associated elements are closely associated with infection 

aging. S. pneumoniae is an important pathogen that primarily infects and may be spread 

by the nasopharynx (Sender et al.2021). S. pneumoniae from children with invasive 

pneumococcal disease appears to have similar attributes to those from nasopharyngeal 

isolates (Li et al.2021). Our previous studies showed that S. pneumoniae has different 

genetic features associated with meningitis, invasion types, and residual beta-lactam 

activities, and the genetic features identified can be detected by polymerase chain 

reaction assay; the genetic evolutionary genes were mostly located in or near capsular-

related gene areas (Sempere et al.2020). In this concept examining the association of 

pneumococcus with meningitis from the other line of clinical diagnoses from a 

parenchymal organ, the S. pneumoniae microevolution study also indicates that S. 

pneumoniae mutates its genetic elements, and capsular virulence is not driven by the 

dynamics of extracapsular virulence. In contrast, all the evidence suggests that sporadic 

virulence-associated capsular serotypes will develop which can cause relatively late 

meningitis in fully vaccinated children (Zhu et al., 2021). 

Background and Significance 

Streptococcus pneumoniae is a significant pathogen for various infectious 

diseases in humans. Currently available data indicate the remarkable genetic diversity 

of the pneumococcus (Dietl et al.2021). Pneumococcal meningitis affects two million 

people worldwide each year, representing the most severe invasive pneumococcal 

disease. Despite its importance, the number of cases of pneumococcal meningitis has 

increased since the 1960s (Koelman et al.2020). Even worse, bacteremia levels seem to be 

higher in pneumococcal meningitis compared to other forms of invasive pneumococcal 

disease. Given the severity of pneumococcal meningitis, several studies have addressed 

the evaluation of global genetic populations and the representation of genotypes 

associated with this clinical syndrome. In summary, the studies indicate that the current 

pneumococcal vaccine could possibly have an impact on the reduction of pneumococcal 

meningitis cases (Ceyhan et al.2020). 

However, despite the success of the vaccine, the identification of new 

pneumococcal clonal groups, potential causes for new outbreaks of invasive 

pneumococcal disease, and the potential future difficulty in producing a vaccine against 

the pneumococcus group, with the presence of more genetically distant clades with 

respect to the clades present in the pneumococcal vaccine, is indicated (Ludwig et 

al.2020). Consequently, the future adoption of new strategies for the prevention of 

invasive pneumococcal infection may be necessary, which could be based on the 

development of future vaccines to include serotype coverage and a wider and more 
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comprehensive assessment of the evolutionary history of serotypes (Lansbury et 

al.2022). 

Objective of the Study 

The main goal of this work is a complex analysis of the genetic intrinsic features 

of pneumococcus serotypes 3 and 19A, their distribution among the causatives of middle 

ear exudate, cerebrospinal fluids, and blood depending on the pathogen, the 

consolidation of strain types over long periods, and the microbial associations in the 

exudate of the middle ear, identifying the patterns that determine the selection of 

disease-causing serotypes. The tasks are: 1) To determine the genetic serotype of 709 

pneumococcus strains causing otitis media and the causative agents of meningitis in 

children under 6 years of age. 2) To determine genetically the major capsular types of 

the commensals of the respiratory tract of healthy children in a living environment and 

their association with the causatives of serotypes 3 and 19A. 3) To identify the genetic 

relationship of the strains based on the long periods of their formation. 4) In the case of 

detection of capsule-deficient types, to characterize the genetic changes in the cps region. 

5) In the context of detection of PMEN strains, to determine the genetic structure of the 

pbp genes and codons responsible for cephalosporin resistance. 6) To establish the 

presence of clonal complexes of the causatives of meningitis, consolidation, and clusters 

of pneumococcus and the possession of conditional pathogens in the release of the 

middle ear among the serotypes. 7) To carry out the genome-wide comparison of typical 

genomes of the strains of the same serotype to identify genetic determinants of invasive 

infection and the presence of conditional pathogens in the release of the middle ear. 

 

Methods 

The methods described in the statement involve reviewing and summarizing 

various aspects related to Streptococcus pneumoniae meningitis. The approach includes 

examining the roles of central nervous system barriers and nasopharyngeal colonization 

of S. pneumoniae, as well as investigating the genetic bases of the immune system's 

antibacterial and inflammatory responses and the bacterial traits that contribute to 

meningitis. The review further explores the mechanisms of central nervous system 

injury caused by the bacteria crossing the blood-brain barrier, detailing the processes 

involved in neuronal damage. Additionally, it highlights the use of current vaccines like 

the pneumococcal conjugate vaccine and the 23-valent polysaccharide vaccine, 

discussing their limitations and the increasing antibiotic resistance. The need for 

genomic analysis to develop new therapeutic targets and improved vaccines is 

emphasized as a strategy for enhanced diagnosis and treatment. 

 

Results and Discussion 

Streptococcus pneumoniae: Overview 

The genus Streptococcus, which belongs to the class Bacilli, family 

Streptococcaceae, and order Lactobacillales, is composed of diverse and significant 

microorganisms with variable microscopical morphology, characteristics, nutritional 

requirements, and biochemical activities (Palomino et al.2023). These bacteria are found 

in nature and as commensal organisms in the human body. Members of the genus 
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Streptococcus are classified into several groups based on their phenotype, including 

alpha-hemolysis or partial hemolysis, beta-hemolysis or complete hemolysis, and no 

hemolysis or absence of hemolysis on blood agar. With regard to their ecology, 

streptococci reside in the respiratory tract (Lannes‐Costa et al.2021). Streptococcus 

pneumoniae is an encapsulated, facultatively anaerobic, nonmotile, catalase-negative, 

gram-positive diplococcus in the family Streptococcaceae. Microbiologists, in general, 

and clinicians relate to this microorganism using common terms, such as pneumococcus 

and acute pneumonia diplo (Gajdács et al.2020). They also refer to its relations as 

hominis or alpha-hemolytic pneumococcus. S. pneumoniae is known to be the cause of 

a wide range of infections, including pneumonia, otitis media, paranasal sinusitis, 

peritonitis, myocarditis, septicemia, endocarditis, pericarditis, osteomyelitis, arthritis, 

pharyngitis, cellulitis, mastoiditis, and meningoencephalitis. This organism can be 

found in many natural habitats and asymptomatically colonizes the nasopharynx of 

humans as a commensal organism, with a carrier prevalence rate of 10-60% in normal 

populations (Tsang, 2021). 

Taxonomy and Classification 

The classification and taxonomy of the pneumoniae group of streptococci were 

established following the recognition of new species, particularly with the description of 

Streptococcus pneumoniae, which is known as the first human pathogen within this 

group (Sempere et al.2020). The earliest proposal for the division and categorization of 

the different types of S. pneumoniae dates back to the year 1915. In this initial 

classification, three distinct groups were identified, one of which corresponded 

specifically to non-capsular isolates (Garriss & Henriques-Normark, 2020). As research 

progressed, the introduction of type-specific antisera played a significant role in 

advancing understanding, leading to the recognition of more than 80 serotypes of S. 

pneumoniae by the 1930s. However, it is noteworthy that despite the vast number of 

recognized serotypes, the majority of isolates are found to belong to only a limited 

number of serotypes. Furthermore, capsular fidelity is a common characteristic observed 

in non-encapsulated strains of S. pneumoniae, a trait that is similarly seen in smooth 

strains of both S. mitis and S. oralis. (Suaya et al.2020) 

Morphology and Structure 

S. pneumoniae is a Gram-positive, alpha-hemolytic, catalase-negative, 

facultative anaerobic microorganism with streptococcus morphology. The diameters of 

circular colonies may range from 0.5 to 1 mm. When cultivated on blood agar, the 

colonies of S. pneumoniae look rather transparent and are surrounded by an area of 

partial or complete zone of incomplete red blood cell lysis (alpha-hemolysis) (Fischetti 

& Ryan, 2021). Streptococci chains consist of 1 to 4 coccus organisms. S. pneumoniae is 

mostly lamb-like and grows both in pairs and in small groupings, and its cells look like 

flattened spherical cocci, which can easily be mistaken for diplococci. In comparison 

with diplococci of Neisseria, the spherical cells of S. pneumoniae are often asymmetric, 

which leads to a broader contact frontier between them and a straighter chain of cocci 

(Kovács et al.2020). It also results in a peculiar-looking groove between the cells in the 

chain. This diplococci-like appearance of the cells may be especially characteristic for S. 

pneumoniae samples that have been cultivated in a liquid medium. Whether or not there 
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is a capsule with such a pathogen cell, it may acquire a flattened form, and when a liquid 

medium with a great number of dead cells is examined microscopically, there may 

appear complete diplococci or chain appearance of the cells (Lam et al.2021). The 

corpuscle is not mobile. According to its visualization by means of electronic 

microscopy, it looks like a pair of cell membranes, between which there is a strip of 

peptidoglycan, sometimes with areas of non-uniform thickness, and it frequently 

connects three areas, which means that the cells are in the stage of their preliminary 

division. Such cell loops determine the final shape of the corpuscles. S. pneumoniae has 

a peculiar compaction structure – two bands of a complete S-layer, which cover almost 

one-third of the corpuscle area (Rohde, 2024). In the electron microphotographs of S. 

pneumoniae adsorption, it is apparent that the shape of the bacterial cells is not round, 

since they have invaginations, which makes them look exactly like diplococci. According 

to another theory, one of the invaginations is the point of adhesion of diplococci to the 

plasma membrane of bacteriocytes and becomes much more appreciable. (Tan et al.2021) 

At the time of their own invagination during the adsorption, it means that they 

do not get thicker; rather, they become bent with the development of neighboring 

invaginations. What draws attention to compaction is that in some areas the cytoplasm 

instantly disappears, and in others, the points of disposal of two cells and a cell with a 

wide groove resemble the form of “nuzzles.” There are pointed areas along the chain 

contours of bacteria, and in some places, they have lacunas (Wenzel et al.2021). They are 

more marked near the overlapping omissions, which resemble the grooves of contact 

points in bacterial growth and division within the chain. At ultra-small thickness, 

corpuscle omissions even form cuts of the encapsulated and limited cell in the division 

omissions; namely, these can be considered the mature phase of tumbling in 

fractionation and disengagement. However, from the marginal section, omissions seem. 

In this way, it can be concluded that a chain of S. pneumoniae cells can increase its 

capacity to form a specialized compartment with an endo- and/or digestive vacuole. (Su 

et al.2021) 

Genetic Diversity of Streptococcus pneumoniae 

Since the various S. pneumoniae strains represent different sets of gene subsets, 

the other gene(s) other than those present in all the strains must be pathogenic. 

Moreover, there seems to be a gene or a set of genes that provides resistance to antibiotics 

(D’Mello et al.2020). Terrestrial transmission in the pathogenicity region and antibiotic-

resistant regions is what geographical and economic conditions induce in S. 

pneumoniae. This characteristic is an advantage for the bacteria and dangerous for 

people. Streptococcus pneumoniae has serotypes determined by the polysaccharide 

capsule. The polysaccharide capsule is the main but not the only point of genetic 

variation in S. pneumoniae (Ganaie et al.2021). Despite the most common serotypes 1, 3, 

4, 5, 6B, 7F, and 9V, we observe such A and B sets of genes. The genetic homogeneity 

that we see in such serotypes is only the polysaccharide capsule specific genes, not 

present in every serotype 1, 3, 4, 5, 6B, 7F, and 9V strain. It is noteworthy that, although 

serotyping is a phenotypic test, serotypes are still one of the most stable and defining 

properties, which is the same as what is encountered in genetic tests (Wang et al.2020). 

It was determined that microorganisms resistant to an antibiotic have an adaptive gene 
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or characteristic; it is the respective gene of the molecular mechanism that provides this 

resistance. The identification of resistant antibiotic genes is important for human health 

because it is possible to develop new drugs or return to the efficiency of the treatment 

process (Jian et al.2021). S. pneumoniae resistance to Gallium Protoporphyrin IX, 

Ceftriaxone, and Clindamycin antibiotics is provided by the 'fur' gene that provides the 

resistance. Resistance to other antibiotics is provided by another gene activated with the 

insertion of the same genetic determinants into new hosts. In the context of serotype 

studies, horizontal gene transfer and recombination events in pathogenic serotypes 1, 3, 

4, 5, 6B, 7F, and 9V were comparatively less and showed a downward genetic flow from 

new host pathogens, and other gene features were determined (Suaya et al.2020). 

Core Genome 

Whole-genome sequence data of 485 invasive S. pneumoniae isolates obtained 

from children hospitalized with pneumococcal meningitis from eight low- and middle-

income countries was used. Phylogenomic analysis provides sufficient resolution to 

define lineages (here defined as having one nucleotide difference in ribosomal multi-

locus sequencing typing) (Moghnia & Al-Sweih, 2022). There was an absence of 

indications suggesting any interbreeding among varying geographical environments, 

and we did not detect any lineage characterized by universal hypervirulence; instead, 

the cases of invasive meningitis were primarily clonal, clustering closely in terms of 

genetic similarity. Within this clonal group, we were able to pinpoint a fundamental 

geneset: every one of the 485 genomes analyzed comprised 1,330 genes—1,326 of which 

are believed to be found within the Streptococcus genus, 46 are present across all 

Streptococcus species, and 27 are unique to S. pneumoniae, lacking exact matches in any 

of the 65 other Streptococcus species (Pairo-Castineira et al.2023). Increased density of 

SNPs and longer SNP distance to the predicted common ancestor for a pairwise 

comparison of isolates did not show a strong association with demonstrating 

epidemiologically linked cases. Nonetheless, the density of SNPs in the core geneset (or 

the mean nonsynonymous SNP diversity) was not indicative of virulence as determined 

in the neonatal systemic infection murine models. (Ding et al.2021) 

Instead, the frequency of infection was equally distributed across defined clades, 

whether the entire population or defined sub-lineages, as determined using Bayesian 

analyses of population structure. Increased mortality was evident in infections with 

isolates from specific sub-lineages, but for specific host-to-host transfer events, virulence 

factors were not significantly over-represented in strains compared to an equivalent 

number of time-calibrated control isolates. This highlights the limitations of in silico 

prediction of genotype-phenotype associations, particularly in settings with high levels 

of recombination, which result in very long deep branches for similar genotypes (Cella 

et al.2021). 

Accessory Genome 

Bacterial organisms have a conserved core genome that encodes genes necessary 

for vital cellular functions, such as metabolism, regulation, and the central dogma, as 

well as a non-conserved accessory genome, which evolves through the rapid gain and 

loss of gene content, resulting in remarkable differences in gene content between even 

closely related organisms (Wein & Sorek, 2022). Several mechanisms contribute to the 
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evolution of the accessory genome, such as mutation, recombination, and horizontal 

gene transfer. Mutation refers to changes in the base sequence of the DNA through 

missense mutations, deletions, duplications, frameshift mutations, and terminator 

mutations. The mechanisms of recombination include transformation, conjugation, and 

transduction (Arnold et al., 2022). As a naturally transformable bacterium, frequently 

takes up exogenous naked DNA from the environment. During the infectious process, 

with the subsequent lysis and release of DNA from dead bacterial cells, competent cells 

can potentially internalize this DNA, which can be incorporated into the chromosome 

by genetic homologous recombination, promoting high levels of genetic diversity and 

rapid adaptation to new niches (Reinoso-Vizcaíno et al.2020). Conjugation is another 

general mechanism for the integration of extrachromosomal DNA into the genome via 

the transfer of conjugative plasmids, favoring a new round of genomic evolution, while 

they are also important vectors for the distribution of virulence elements, such as pilus 

islands, erythromycin resistance, and other elements of importance (Botelho & 

Schulenburg, 2021). 

Transduction, through which a temperate bacteriophage mediates the 

integration of exogenous DNA into the chromosome of other homologous bacteria, can 

also amplify the horizontal exchange of specific genomic fragments, contributing to the 

evolution of the accessory genome. Of course, the genetic diversity can change through 

these processes, contributing to the rapid spread of virulence factors and antimicrobial 

resistance, leading to frequent escapes from host protection, as seen in various 

pathogenesis processes (Blakely, 2024). The accessory genome, which modulates the 

virulence, antibiosis, and adaptation, is affected by biofilm formation, competence, and 

protease functions and systems, including restriction-modification systems and CRISPR, 

which are designed to co-evolve to form an equilibrium model of the coexistence of 

bacteria in hosts. Thus, the continuous evolution of the species is the basis of its diversity. 

(Marquart, 2021) 

Pathogenesis of Streptococcus pneumoniae 

The colonization of the nasopharynx by the bacterium known as Streptococcus 

pneumoniae, which is commonly referred to as pneumococcus, is a fascinating 

phenomenon that is observed in various parts of the world (Lozada et al.2024). However, 

it is crucial to note that the distribution of this microorganism is distinctly uneven from 

one geographic region to another, often influenced by numerous factors including social, 

environmental, and health-related conditions that can affect the local population. 

(Davies et al., 2021). The virulence factors associated with pneumococcus are not just a 

few isolated mechanisms but instead encompass a diverse array of complex strategies 

and systems, such as adhesive pili that enhance the bacterium's ability to firmly attach 

to host tissues, as well as toxins capable of damaging crucial cellular components like 

actin and DNA. Additionally, the presence of a factor known as pneumolysin 

contributes significantly to its pathogenic potential, alongside its remarkable ability to 

trigger various inflammatory responses within the host (Nishimoto et al., 2020). 

Furthermore, the abundant production of well-defined serotype-capsular 

polysaccharides greatly amplifies the capability of pneumococci to breach body sites that 

are typically sterile, setting the stage for potential infections. Such invasions can give rise 
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to different types of infections, including otitis media, sinusitis, and pneumonia, each of 

which serves to illustrate the clinical importance and public health challenges posed by 

these organisms (Luck et al.2020). Moreover, it is essential to recognize that these 

virulence factors serve as a foundation for vaccine-induced serotype-specific immunity. 

This immunity acts as a protective barrier in the host organism, helping to block the 

recurrence of these infections through the development of an adaptive immune response 

(Tsang, 2021). Additionally, in discussing the role of pneumococcus beyond merely the 

respiratory system, it is pertinent to consider that various biological barriers – 

particularly the endothelial barriers and the blood-brain barrier – play crucial roles in 

restricting the invasiveness of these bacteria (Le et al.2020). 

These barriers are often sufficiently effective to prevent pneumococcus from 

emerging as significant contributing factors in more severe conditions such as meningitis 

and non-meningiopathic bacteremia, both of which can lead to serious health 

complications and even threaten life (Zainel et al., 2021). The entire colonization process 

in the nasopharynx by S. pneumoniae is significantly facilitated by surface-anchored 

adhesins or pili, which are essential structures crucial for adhesion. These critical 

structures are encoded by a multitude of genes that are organized along the laminar or 

backbone of the adhesive structure polycistrons, particularly at their tips where they 

function to provide the necessary adhesion capabilities (Nakata & Kreikemeyer, 2021). 

When delving into the serotypic diversity and the protective roles played by the 

polysaccharide capsules of pneumococci, it is both interesting and important to note that 

more than 90 serologically unique pneumococcal capsular types have been identified 

through extensive research (Ganaie et al.2020). These serotypes extend from serotype 1, 

known as ST 1, all the way to ST 104, and also include a unique type known as TIGR4, 

which does not neatly belong to any of the categorized serotypes. Some bacterial strains 

might not display any capsule at all, while others are distinctly identifiable as strains 

that are utilized in commonly tested vaccination programs. The presence of these 

capsules is critically important, as they play significant protective roles during the 

process of colonization (Buffet et al.2021). They assist in the recognition of target 

pathogens by the host’s immune system, working in conjunction with other inhaled 

particles to bolster the body’s phagocytic defenses against these potential pathogens, 

ultimately contributing to the overall health and resilience of the host organism against 

infectious challenges. (Li & Wu, 2021) 

Adhesion and Colonization 

Initial interaction of S. pneumoniae with cells of the respiratory tract is mediated 

primarily by adhesion to surface carbohydrates or glycoconjugates that are present on 

epithelial cells. After adhesion to the nasopharyngeal epithelium, pneumococci multiply 

in the upper respiratory tract and subsequent colonization of the nasopharynx occurs 

(LeMessurier et al.2020). At the cell surface, the most significant glycoconjugate for 

pneumococcal adherence is the receptor for the pneumococcal adhesion pneumococcal 

surface protein C, or CbpA, which is anchored to the pneumococcal surface by a choline-

like compound. PspC is a leading candidate for a protein-based vaccine, as it induces 

protective immunity and is highly conserved between different strains. (Aceil & Avci, 

2022). Since PspC is the most prominent adhesin on pneumococci and is important for 
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initial attachment, exploring its role in adherence has the potential to target alternative 

proteins that have homology or a similar role within other strains of S. pneumoniae 

(Aceil & Avci, 2022). 

Despite its putative role in initial adherence, the long N-terminal alpha-helical 

region of PspC is known to bind to lactoferrin-sensitive receptors rather than glycans, 

while also binding to complement control protein Factor H, which inhibits the 

initiation/recognition phase of the alternative complement cascade. The 

multifunctionality of PspC has led the long-chain polypeptide to be classified as a mucin-

interacting protein. These are found in both bacteria and fungi and are important in the 

initial settlement of a larger host (Marquart, 2021). The alpha-amylase adhesin binds to 

host polymeric alpha-amylase and the alpha-amylase receptor and diglycosidase, 

pseudouridine synthase A. These are pathogenic Streptococci adhesins including PsrP 

and its interaction with sperm-associated antigen. (Lahiri et al.2021) 

Initially, it was shown that PspC was an antigenic adhesin when cultured 

pneumococci were incubated with cellular autolysate. Purification of the cells treated 

with anti-PspC immune serum and Proplex glass-covered beads, exposed to 

pneumococci, led to depletion of S. pneumoniae. When subjects are colonized with S. 

pneumoniae, then the elimination of the organisms is the initial step in host defense 

(Aceil & Avci, 2022). Pneumococci that adhere to the nasopharynx will cause respiratory 

disease. When effective conjugate vaccines reduce colonization, usually by more than 

25% for the carriage of individual serotypes, then the effect occurs by antibody-mediated 

action while offering no significant levels of cross-proteomic effects within different 

serotypes. (Lewnard et al.2021) 

Invasion and Dissemination 

Several protein factors involved in the interaction of the pneumococcal surface 

with host cells are known. S. pneumoniae expresses several surface proteins, which 

mediate adherence to host cells: choline binding proteins like LytA, CbpA, LytC, CbpL, 

and others (Park et al.2021). These proteins contain choline binding domains at the C-

terminus that allow anchoring to the bacterial cell wall by covalent binding to the 

polymer of phosphorylcholine. Recently, a naturally secreted recombinant 

pneumococcal histidine triad protein was used as a carrier protein for conjugate 

vaccines, enhancing the immunogenicity of the conjugate vaccine by increasing opsonic 

activity and antibody levels (Fairman et al.2021). The interaction of S. pneumoniae with 

soluble proteoglycans from epithelial and endothelial cells containing anionically 

charged glycosaminoglycan chains, such as chondroitin sulfate A, dermatan sulfate, and 

heparin sulfate, was tested in binding assays. Other microbial surface components 

recognizing adhesive matrix molecules from S. pneumoniae include Ply, Hsp70, and 

PspA (Watanabe et al.2022). These proteins are also capable of activating the 

extracellular signal-regulated kinase-1/2 and anti-apoptosis kinase Akt. The results 

indicate that the pneumococcus engulfs infected apoptotic corpses via a non-

inflammatory mechanism and that this non-inflammatory efferocytic process is 

mediated by the bacterial surface protein PspA, which does not require activation of the 

actin cytoskeleton (Kaur et al., 2021). 
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Meningitis: A Brief Overview 

Meningitis is a potentially life-threatening infection that can present as a primary 

disease or as a secondary infection. The primary disease of bacterial meningitis develops 

following the penetration of bacteria through the main protective barrier of the CNS, the 

blood-brain barrier (Kohil et al., 2021). This disease, if not treated without delay, is most 

often fatal. Regardless of the many diagnostic tools, there is a high risk of sequelae for 

the patients who survive this infection. On the other hand, the secondary meningitis 

infection develops together with a primary infection in the body or from a distant origin 

(La et al.2020). This form of meningitis is mainly due to the continuity of the inflamed 

tissue mesoderm with the central meninges during embryonic development. 

Inflammations on this tissue or pathogenic agents of these inflammations spread 

between the meninges. In this type of meningitis, the microglia and macrophages that 

occupy the subdural space play an important role in limiting bacterial loads at an early 

stage and in controlling the spread of inflammation without damaging the nervous 

tissue (Kohil et al., 2021). 

Regarding meningitis that develops when the blood-brain barrier is damaged, 

the case of Streptococcus pneumoniae is distinct. S. pneumoniae, which is the most 

frequent cause of invasive disease, is responsible for infections such as pneumonia, 

sepsis, and meningitis. Due to the decrease or increase in the incidence of pneumococcal 

meningitis, the public health importance of this disease is at varying levels in many 

countries (Brueggemann et al.2021). Depending on the regions, demographic structure, 

risk factors, and socio-cultural factors, the incidence of the disease is variable, and a clear 

decrease in the incidence of the disease in children under two years of age has been 

observed in many developed countries thanks to the heptavalent conjugated 

pneumococcal vaccine (Hasbun, 2022). However, adult invasive pneumococcal disease 

does not show a clear pattern. It is known that the main risk factors for all age groups 

are being immune compromised and being a smoker. The new progress in the fight 

against this disease is the use of nonavalent conjugated pneumococcal vaccines 

developed for both children and elders at risk. (Chen et al.2021) 

Definition and Types 

Streptococcus pneumoniae is a Gram-positive diplococcus. S. pneumoniae is a 

highly significant etiological agent of meningitis and community-acquired pneumonia, 

both in children and the elderly. This microorganism is also a cause for concern due to 

the increasing antibiotic resistance rates shown in recent years, now reaching rates that 

are unmanageable in the case of penicillins and cephalosporins (Ceyhan et al.2020). It is 

serologically complex, but approximately 90 different types have already been 

described, including phenotypic and genetic intra-serotype variants. The expression of 

the serotype of the capsule is related to its pathogenic potential (Sadowy and 

Hryniewicz2020). The S. pneumoniae genetic information shows a heterogeneous 

character since this genus contains species with totally different characteristics that can 

cause diseases different from invasive ones caused by S. pneumoniae genes of different 

genetic products. Moreover, S. pneumoniae's genetic organization is not similar to other 

species examined that have about one-eighth of their genomes without attributed 

function (Ganaie et al.2021). S. pneumoniae's capsule is one of its major virulence factors, 
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allowing the bacterium to escape phagocytosis efficiently; it has 44 genes related to the 

activity attributed to the polymerization of the genes. The other genes localized along 

the pneumococcal genome were regulatory and metabolic genes, related to the 

peptidoglycan, adhesins, autolysins, streptolysin S and R, and choline-binding proteins 

(Sempere & De Miguel…, 2020). 

Epidemiology 

Streptococcus pneumoniae is a major pathogen and causes a high burden of 

diseases, including invasive pneumococcal diseases, otitis media, and non-invasive 

pneumonia. It is estimated to be responsible for 1.6 million deaths in 2005, with 1.2 

million being children less than five years old. In addition to its medical burden, S. 

pneumoniae has a serious economic impact (Feldman & Anderson, 2020). Particularly, 

the high morbidity and mortality rates of S. pneumoniae in pneumonia and meningitis 

have to be prioritized for healthcare planning and intervention management. Since 1944, 

two types of vaccines have been developed to confer an immune response against S. 

pneumoniae. Treatment with penicillin and the development of other treatments led to 

a decrease in incidence or mortality rates from β-Hemolytic S. pneumoniae (Olarte & 

Jackson, 2021). However, penicillin-resistant, multidrug-resistant, and vancomycin-

resistant S. pneumoniae strains have been reported in clinical settings, causing 

significant problems in the choice of antibiotic treatments (von et al.2021). The factors 

that play a role in the adaptation of S. pneumoniae to various ecological niches and cause 

changes in invasiveness properties are still not fully defined. These factors include 

evolution, recombination, and bacteria-bacteria and bacteria-host interactions observed 

within S. pneumoniae (Chaguza et al.2020). 

In addition to the aforementioned factors, the transmission dynamics and genetic 

properties of S. pneumoniae in the course of disease in the human population and in the 

phase of disease are important in epidemiology. During the transition process in which 

S. pneumoniae moved from the niche that had been colonized for a long time to other 

infection sites, the effects of invasiveness and the surrounding environment led to 

genetic changes (Ganaie et al.2021). In particular, prophage, antibiotic resistance, 

competence regulation, choline-binding protein A, and other surface proteins serve as 

adaptation factors and have different protection properties over time. The most 

significant adaptation mechanisms dependent on the obvious selection are the frequent 

unrelated homo-recombination and the selective gene transfer carried out by restriction 

modification systems (Huang et al.2023). In the recombination process, the concern is 

that the mutation will exceed the homogeneous recombination and the independent 

selection strengths between alleles. The probability density of recombination events that 

occur in such areas could be attributed to two possible hypotheses: preferential selection 

of sub-line clonal types in the population and material that mixed into the S. pneumoniae 

gene pool could have evolved before forming a homologous derivative in another 

lineage (González-Díaz et al.2020). These epidemiological properties could indicate that 

S. pneumoniae has undergone a preprocessing stage quite similar to Streptococcus 

agalactiae and Streptococcus dysgalactiae before adaptation to human disease. This 

proximity is a reminder that S. pneumoniae is an environmental microorganism and 

leaves hosts while providing infectious and immune receptors (Chaguza et al.2020). 
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Role of Streptococcus pneumoniae in Meningitis 

The genus Streptococcus encompasses a considerable number of distinct species, 

among which Streptococcus pneumoniae is particularly notable as it holds the 

distinction of being the principal bacterium primarily responsible for causing a wide 

array of human infections (Cools et al., 2021). S. pneumoniae is typically found residing 

in the upper respiratory tract of healthy individuals. However, under certain conditions 

leading to physiological imbalances or disruptions within the host, it has the potential 

to lead to serious infections (Sender et al.2021). Pneumococcal diseases are often 

characterized by the occurrence of invasive infections, and the probability of these 

invasive infections manifesting as life-threatening meningitis is particularly high among 

vulnerable groups. These at-risk individuals include young children, individuals with 

developing or declining immune responses, as well as those with anatomical defects or 

abnormalities adversely affecting their respiratory or cerebral structures. This high 

incidence of meningitis results from the remarkable capacity of S. pneumoniae to rapidly 

invade privileged and sterile anatomical niches (Le et al.2020). These critical anatomical 

niches include the systemic and cerebral circulatory systems, as well as the central 

nervous system itself. Following invasion, a sequence of complex biological processes 

occurs, which consists of several specific steps involving adhesion, penetration into 

various tissues, and dissemination throughout different bodily systems (Hendriks and 

Ramasamy2020). Additionally, it involves translocation across multiple barriers, 

activation of the immune response, and a concerted counterstrike against this immune 

defense system. Ultimately, this intricate series of interactions can lead to the crossing of 

the blood-brain barrier (Saint-Pol et al.2020). In many instances, this invasion also 

facilitates the crossing of the choroid plexus, which is an essential structure within the 

brain that plays a key role in the production of cerebrospinal fluid. This sequence of 

events is then followed by the activation of the inner-neuroethelial barriers, resulting in 

potentially severe health outcomes for the affected individuals, making them critically 

vulnerable to a variety of neurological complications and other serious conditions (Solár 

et al.2020). 

Mechanisms of Meningitis Development 

Streptococcus pneumoniae is one of the commonest causes of community-

acquired bacterial sepsis and meningitis in humans. In some countries, the frequency of 

this infection is particularly high. Whether this is due to a high human/wildlife animal 

contact ratio, environmental stresses, or other factors affecting host resistance and/or 

pathogenic/virulence potential, is not known (Tsang, 2021). In its natural habitat, S. 

pneumoniae is a frequent commensal on the upper pharyngeal mucous membranes, 

where it may reside in the so-called carriers. This phase may be a single serotype or 

involve several serotypes. The change in status from mucosal carrier to invasive agent 

does not appear to be associated with major genetic changes in the organism or other 

induction factors, but the infection potential exists in significant numbers of the 

commensal population, where it is present in the lung mucous membrane. It is generally 

agreed that the spread of the infection by the blood route from the primary focus to a 

distant, normally sterile site could not take place unless the organisms were killed 

(Pangeni et al.2023). The agents of meningitis must encounter only modest resistance at 
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the site of the initiating infection, be able to adhere to, penetrate the mucous membrane 

barrier, and pass through immunity mechanisms that include T cells, macrophages, and 

the meningeal barrier, before finally having to withstand the host's immune defense 

system in the cerebrospinal fluid. Pneumonia seems a critical phase in the process of 

establishment of an invasive infection, and the balance between the host, host resistance, 

and virulence potential appears to play an important role (Chakraborty et al.2020). 

Virulence Factors Involved 

Once S. pneumoniae has managed to reach the meninges, it employs a variety of 

virulence factors to disrupt the blood-brain barrier, penetrate the blood-CSF barrier, and 

subsequently replicate within the central nervous system (CNS). Of these various 

factors, the capsule is perhaps the most well-described and critically important among 

S. pneumoniae's virulence attributes (Im et al.2022). This capsule structure offers a robust 

protective layer for the bacteria against the host's immune responses and significantly 

increases their resistance to phagocytic killing, which is a key aspect of the immune 

defense mechanism. Additionally, the capsule serves to inhibit desiccation, thereby 

enabling S. pneumoniae to exhibit greater durability in its surrounding environment, 

which in turn boosts its likelihood of survival outside of a host organism. Furthermore, 

the capsule plays a crucial role in promoting adherence to epithelial cells, facilitating the 

bacteria's ability to establish infection. While no specific receptor has been clearly 

identified, it is believed that the polyanionic nature of the capsule contributes to its 

binding affinity with various cell surface molecules (Gil et al.2022). 

The production of a fully functional capsule must, however, be meticulously 

balanced by the expression of pneumolysin, an essential component for the development 

and progression of conditions such as meningitis. This bifunctional role of pneumolysin 

is well-documented in numerous bacteria known to cause invasive diseases; 

nevertheless, S. pneumoniae stands out due to its unique reliance on this singular 

virulence factor to signal the critical transition from carrier state to invasive disease, 

resulting in a wide range of clinical syndromes (Nishimoto et al., 2020). Pneumolysin is 

classified as a cholesterol-dependent cytolysin and is implicated in multiple pathways 

leading to cell damage. These pathways include the formation of pores through its 

binding to cholesterol in the host membrane, which then causes a damaging influx of 

water and the outflow of nucleotides from cells, as well as the induction of pro-

inflammatory cytokines. Pneumolysin plays a pivotal role at several strategic points in 

the pathogenesis of S. pneumoniae infections, including disruptively affecting the blood-

brain barrier, facilitating the onset of meningitis, and modifying the activity of white 

blood cells within the central nervous system (Lucas et al.2020). 

Clinical Presentation and Diagnosis of Pneumococcal Meningitis 

Pneumococcal meningitis is the most frequently detected bacterial form of this 

disease. The clinical presentation can be very variable, but general symptoms include 

fever, malaise, headache, nausea, and vomiting in children and less frequently in adults 

(Tsang, 2021). A classical triad of fever, neck stiffness, and a reduced level of 

consciousness appears more often in adults. Nevertheless, typical signs such as 

photophobia, hyperesthesia, changes in mental status, seizures, and abnormal behavior 

can also be observed but are rarer in adults. In most children, the disease malignancy 
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occurs with a very rapid progression. Besides, ear and sinus infections sometimes 

precede the onset of pneumococcal meningitis. Airway infections are also often present 

(Thadchanamoorthy & Dayasiri, 2021). Pneumococcal meningitis is of paramount 

importance in neurology yet difficult to diagnose due to the fact that the typical 

bacteriological findings are only present in 80% of the cases. The symptoms of fever, 

along with stiffness in the neck, are not very specific (Hasbun, 2022). 

In patients with initial infection, symptoms of the central nervous system, like a 

reduction of consciousness, abnormal behavior, seizures, and possible persistent 

symptoms of increased intracranial pressure or other cranial nerve symptoms, are more 

indicative of meningitis (Hasbun, 2022). Microbiological diagnosis is facilitated through 

a variety of techniques, including traditional culturing methods, antigen detection, 

impregnation, and the identification of bacterial DNA. In adults, the detection of 

pneumococcal antigen has shown to be particularly effective, with approximately 95% 

success in its application (Rodgers et al.2021). Our collaborative efforts with colleagues 

involve performing lumbar punctures and analyzing blood samples through serological 

agglutination, along with a rapid molecular dipstick assay aimed at identifying potential 

causative agents. This systematic approach has led to a significant decrease in morbidity 

rates (Talic et al.2021). Notably, this assay has shown the ability to accurately detect S. 

pneumoniae in the cerebrospinal fluid of patients with acute bacterial meningitis as well 

as in the nasal secretions of apparently healthy toddlers, proving effective even at lower 

temperatures and without the typical bubbling reaction. Furthermore, a previously 

unrecognized genus and an uncultured bacterium have been discovered in the nasal 

secretions of these toddlers, highlighting the complex nature of the microbial community 

in this group (Edelstein et al., 2020). 

Symptoms and Signs 

Streptococcus pneumoniae is a common cause of bacterial meningitis leading to 

severe immune-mediated cortical damage. The host genetic factors which protect against 

S. pneumoniae meningitis are not known. We have used a knockout mouse model to 

infect wild-type and statin-treated adult mice and a neonate transfer model to identify 

genes important in protecting against meningitis (Tsang, 2021). The results demonstrate 

that CX3CR1 and RAGE are critical for preventing S. pneumoniae CNS entry. 

Additionally, TLR2 is critical in reducing S. pneumoniae proliferation in the bloodstream 

and that this gene is also important in reducing CNS infection in a dose-dependent 

fashion. Bacterial meningitis is mainly caused by pathogens that gain entry into the brain 

and meninges, causing an intense inflammatory response (Le et al.2020). Streptococcus 

pneumoniae leads to over half a million cases of bacterial meningitis every year globally 

and is a common source where immuno-compromised patients are exposed to the 

bacterial pathogen. Although vaccines are available, S. pneumoniae also infects at least 

90% of healthy individuals and can asymptomatically reside in the nasopharynx. S. 

pneumoniae is not readily spread person to person, yet it has evolved the capacity to 

express polysaccharide capsules which allow the bacteria to evade antibody binding and 

improve their fitness unnecessary rather few host factors are known (Mazamay et 

al.2021). 
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Diagnostic Methods 

From invasive sites, S. pneumoniae can be isolated by standard methods of 

microbiological investigation. It is possible to isolate the organism from secretions of the 

nose in individuals who are ill and colonized, but in this case, it is necessary to confirm 

the pathogenic importance of the extract (Suaya et al.2021). A reliable marker of 

streptococcal pneumonia may be the Vi-antibody. With the use of PCR methods, the 

fastest diagnostic material for streptococcal pneumonia is the investigation of an exudate 

from the lung, head, or another biological material. CSF research is important in the 

diagnosis of case success and to assess the results of treatment efficiency (Sharma et 

al.2021). The exact diagnosis of streptococcal pneumonia by PCR is made in the case of 

a quick investigation of the CSF. After receiving the investigation of a culture of the 

growth of a microbe, it is necessary to differentiate from the alpha-haemolytic forms of 

viridans. The allergen reaction is used as a differential diagnostic criterion. Commercial 

devices with various methods will detect the pneumococcal antigens in the urine or 

blood serum within 4-5 hours. Due to the specificity of the dipstick test, pneumococcal 

urine antigens with the vaccine are ineffective (Kukla et al.2020). 

Treatment and Prevention Strategies 

Despite the availability of effective antibiotics, such as beta-lactams, 

cephalosporins, and macrolides, the significant morbidity and mortality associated with 

pneumococcal disease make vaccination an effective and practical approach for its 

prevention (Wagner & Weinberger, 2020). Currently, conjugated pneumococcal vaccines 

are available for children as well as adults. In addition to using vaccines, 

chemoprophylaxis with antibiotics is also routinely done to prevent invasive 

pneumococcal disease, especially for those close familial contacts and for close contacts 

in institutional settings such as day care centers (Scelfo et al.2021). Although prolonged 

systemic antibiotic therapy can eradicate pneumococcal carriage, its selective pressure 

can promote the emergence of antimicrobial-resistant pneumococci and disrupt the 

normal microbial flora. Complete and effective vaccination of children and adults is the 

most practical and effective approach for preventing and controlling the spread of 

pneumococcal infections. (Lee2020) 

However, conjugated pneumococcal vaccines are not effective against all strains 

of pathogenic Streptococcus pneumoniae, which in turn promote the spread of non-

vaccine serotypes. The frequency and increase of non-vaccine Streptococcus 

pneumoniae serotypes often correlate with the widespread use of pneumococcal 

vaccines (Micoli et al.2023). Furthermore, vaccination failures may result when recipient 

immune responses do not lead to serotype coverage or through serotype replacement, 

when non-vaccine serotypes can replace vaccine serotypes and emerge as dominant 

serotypes in the population. Consequently, this may lead to increased carriage and 

exposure of younger children to serotypes that are associated with different invasive 

disease potentials. Evaluated and updated pneumococcal vaccines with broader 

serotype coverage may be essential for this potential vaccine failure (Mungall et al.2022). 

Antibiotic Therapy 

Empirical antibiotic therapy, like the one for most infections, is based on the 

clinical suspicion of certain features of the infectious agents, the most probable 
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occurrence of a certain microorganism in the particular anatomical part, and the activity 

of antimicrobial compounds in that specific area (Kadri et al.2021). In the broader 

context, particularly within the United States, the initiation of antibiotic therapy typically 

hinges on determining the most likely source of the infection. This approach may also 

take into account the geographic patterns of antibiotic resistance. In Europe, while the 

guidelines follow a similar framework, they tend to be succinct. Consequently, empirical 

treatment is primarily informed by the prevalence of infections, which has traditionally 

been established through cultural methods and, more recently, through molecular 

techniques (Rhee et al.2020). 

The analysis also considers the severity of the illness and the antimicrobial 

susceptibility profiles of the isolated pathogens, specifically with regard to the central 

nervous system. It is noteworthy that the existing guidelines rest upon microbiological 

data that originate from the late 20th century or the early 21st century, while the 

emergence of multidrug-resistant strains—especially those resistant to specific 

antibiotics—can be regarded as relatively recent (Mühlberg et al.2020). These strains are 

more commonly observed outside the United States, particularly in Southern Europe 

and certain regions beyond Europe, such as Africa and Australia, along with South 

America, and especially South Africa. Such prevalence information, however, is not 

reflected in the current guidelines. Looking ahead, it would be beneficial to investigate 

the prescribing patterns of antibiotics in large clinical hospitals, whether they are 

affiliated with universities or not, and to analyze how these patterns align with the 

antibiotic susceptibility profiles of pneumococcal populations. (Bush & Bradford, 2020) 

Vaccination Programs 

The spread of circulating serotypes from PCV vaccinated populations has been 

shown to be altered, with increased rates of non-vaccine serotypes, including a 

concomitant increase in the presence of non-vaccine serotypes in vaccinated populations 

(Løchen et al., 2020). This suggests an alteration in the presence of compatible and 

circulating AMR phylotypes within hospital and community carriage pools due to 

pneumococcal vaccination programs. Previously, it was shown that the introduction of 

the 13-valent pneumococcal conjugate vaccine PCV-13 in the UK resulted in a significant 

reduction in vaccine-type pneumococci when comparing the isolates available from each 

season pre- and post-PCV-13 (Berman-Rosa et al., 2020). Independent of the phylogeny 

of the serotypes within the populations, only serotype groups most common in swab 

collected carriage infection data related to specific vaccine and penicillin-resistant 

antibiotic serotype screening, non-vaccine serotypes, and non-vaccine phylotypes, while 

the presence of the same serotypes was shown to be statistically significantly linked to 

IPD carriage data within appropriate patient age groups (Hansen et al.2021). The 

administered PCV vaccination programs that have been rolled out progressively 

worldwide by age group have hindered some of the effects associated with the 

introduction of PCV on the prevalence of vaccine serotypes causing IPD. However, as 

non-vaccine serotypes certainly have an enhanced potential to cause IPD, there may be 

dire consequences that do not make their presence specifically known within the 

carriage of vaccinated populations. A targeted portrait of the included data by continent 

with associated metadata can be seen in additional figures  (Løchen et al., 2020). 
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Current Research and Future Directions 

Our manuscript discussed the genetic features of Streptococcus pneumoniae and 

its roles in causing meningitis. However, some of the discussions do not include all of 

the up-to-date information about key S. pneumoniae genomic features. S. pneumoniae 

is a dangerous and evolving organism that harbors its own genomic features, such as 

capsule, pneumolysin, adhesins, and cell walls, making it hard to be targeted. Future 

studies can focus on the interactions between the host and pathogen at the transcriptome 

level, especially to figure out how the environment and microimmune situation impose 

pressure on bacterial resistance and pathogenicity. Virulence factors participate in the 

generation of a pneumococcal complement-avoidance gas, which causes evasion and 

overstimulation of the human immune response in most of the pneumococcal serotypes, 

so that the development of preventive vaccines that can target these components 

(Marquart, 2021). Currently, studies that exploit swimming pili as an antigen, which can 

stimulate agglutinating antibodies to prevent colonization, are highly considered, but 

future studies to evaluate whether a bigger panel or diverse vaccine that can offer 

protection against several of them are not well performed. The insights we summarized 

might help the readers understand the control strategies for pneumococcal diseases, 

guide vaccine design, and point out potential new drug targets for S. pneumoniae 

infection. With our continuous deep understanding of how S. pneumoniae progresses 

and evades immune attack, its conditions of presence can be changed for the better 

(Akahoshi & Bevins, 2022). 

Emerging Trends in Pneumococcal Research 

All these predictions of escalating threats from invasive pneumococcal infection 

can be witnessed if we just pay attention to recent developments in this field. Researchers 

are watching multi-resistant strains of Streptococcus pneumoniae spread at an 

unwavering pace. This organism is responsible for colonizing the nasopharyngeal 

mucosa in around 90% of preschool-age children (Zhao et al.2022). From the 

nasopharynx, S. pneumoniae can extend to the middle ear and cause otitis media. It can 

also colonize the alveoli and cause bacterial pneumonia, and it has the ability to cross 

the blood-brain barrier where the bacteria cause disease starting from bacterial growth 

in the cerebrospinal fluid, representing the clinical picture of invasive meningococcal 

disease (Le et al.2020). The unique anatomic nature of the meningeal barrier, as well as 

the unique capability of Streptococcus pneumoniae to cross it and cause life-threatening 

referrals to the CNS, indicates a set of highly sophisticated virulence factors that this 

bacteria possesses. Many investments are being made to identify how the two 

aforementioned factors can be manipulated as a method for the preparation of an 

effective vaccine against S. pneumoniae (Le et al.2020). 

Many fields of genetics and molecular biology have expended much effort 

toward identification and experimental determination of the function of pneumococcal 

virulence factors by inserting and generating specific mutations into our animal model 

(Vlaeminck et al.2020). These efforts have been directed not only to the identification of 

virulence factors directly involved in causing meningitis but also on factors that play a 

role in penicillin resistance to infection, on pathogenicity, and on potential strategies for 

streptococcal bacterial interference. In this section, we present a number of the genes and 
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pneumococcal factors that have been implicated directly or indirectly in the 

pneumococcal meningitis disease process. (Chang et al.2022) 

Potential Areas for Further Investigation 

S. pneumoniae is a significant human pathogen with the ability to cause a severe 

intracranial infection called meningitis. In this review, we have discussed the basic 

nature of the organism responsible for this severe disease. The layperson may wonder 

why they haven't heard more about this organism, and why we don't have further 

control over this disease (Tsang, 2021). Can we lay some of the blame on the relatively 

unchanging CP polysaccharide capsule of this organism which has thus far limited the 

development of an effective and viable conjugate vaccine approach for many years? 

What about the ability of S. pneumoniae to transfer a number of its virulence genes to 

new and dangerous genetic neighbors whenever it is ready to change the nature of its 

DNA capsule? Perhaps the investigators and companies most able to produce this kind 

of vaccine are too busy putting their genius into problems that for them may represent 

bigger challenges, such as HIV, heart disease, and cancer (Masomian et al., 2020). 

Since redesigning the bacterial natural host specificity, as well as co-opting or 

mimicking the closely related viral docking machinery, seem requisites as to discovering 

a possible answer, this could be quite a difficult chore and might also dampen the spirits 

of our most enthusiastic vaccine facilitators a bit (Marquart, 2021). As for the 

development of a family of type common polypeptide and/or lipopeptide subunit 

vaccines to crystal ball the next resident of the intracranial penthouse, it could help buy 

some vaccine used time. Since many investigators may be reluctant to share this new 

conjugate colored vaccine trivia until they are better ensconced on the market's top floor 

by themselves, we may need to look at a set of piecemeal steps, rather than integrated 

vaccine solutions that are all sitting in vaccine company's ready-to-use portfolios. 

(Hotez, 2021) 

 

Conclusion 

Fundamental Finding: This research finds that while content marketing and 

influencer marketing do not significantly influence purchasing decisions for Wardah 

skincare products on TikTok, brand image and price perception have a significant 

positive impact. Implication: The results suggest that Wardah should prioritize 

enhancing its brand image and optimizing price perceptions to boost consumer 

purchasing decisions. Additionally, although content and influencer marketing hold 

potential, their current effectiveness is limited and requires improvement. Limitation: 

The study's limitations include its reliance on a purposive sampling technique, which 

may not fully represent the broader consumer base, and the use of a single platform 

(TikTok), which may limit generalizability. Further Research: Future research should 

explore the effectiveness of these marketing strategies across different platforms and 

demographics, and consider longitudinal studies to assess the long-term impact of brand 

image and price perception on purchasing behavior. 
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